The epidemiology on human papillomavirus (HPV) among human immunodeficiency virus (HIV)-infected women in Korea is not well established. A retrospective study was conducted to determine the prevalence and genotype distribution of HPV infection among HIVinfected women in Korea. HPV DNA genotype and cervical cytology were examined in 60 HIV-positive women and 1,938 HIV-negative women. HPV genotypes were analyzed by using a HPV DNA chip. HIV-infected women had higher prevalence of high-risk HPV (hr-HPV) infection (30% vs 4.9%, adjusted odds ratio [AOR], 6.96; 95% confidence interval [CI], 3.63-13.34, P < 0.001) and abnormal cervical cytology (18.3% vs 1.8%, AOR, 10.94; 95% CI, 5.18-23.1, P < 0.001) compared with controls. The most common hr-HPV genotype detected in HIV-infected women was HPV 16 (10%), followed by 18 (6.7%) and 52 (5%). Prevalence of quadrivalent vaccine-preventable types (HPV 6, 11, 16, and 18) was 21.7% and 2.3% in HIV-positive women and HIV-negative women, respectively. Age was a significant risk factor for hr-HPV infection in HIV-infected women (P = 0.039). The presence of hr-HPV was significantly associated with abnormal cervical cytology (P < 0.001). These findings suggest that HPV testing for cervical cancer screening in HIV-infected women would be necessary, particularly among young age group.
INTRODUCTION
Human immunodeficiency virus (HIV)-infected women have higher rates of human papillomavirus (HPV) infection than HIV-uninfected women, and are also at higher risk for persistent infection and progression to malignancy (1) (2) (3) (4) . In addition, HPV may be a cofactor in HIV acquisition (5, 6) . Persistent infections with high risk HPV (hr-HPV) are known to be a necessary first step in the development of cervical cancer. The prevalence of hr-HPV infection and genotype distribution varied in different geographic areas (7) . With the introduction of HPV vaccine, knowledge regarding hr-HPV genotype distribution has become increasingly important.
As of December 2010, a total of 623 women were diagnosed with HIV infection in Korea (8) . Following the first case of HIV infection was reported in a foreign worker in 1985, active screening test for HIV infection was performed for commercial sex workers (CSWs) who might be contacted with the foreigners (9, 10) . Eleven HIV-infected female CSWs were detected between 1985 and 1988. Since AIDS Prevention Law was enacted in 1987, mandatory screening for HIV infection was extended to all CSWs, overseas sailors, and people working in "hygiene related jobs" requiring health certificates, such as restaurants, coffee shops, barbershops, bars, and hotels. As a result, a sharp increase in the number of cases was detected among overseas sailors, who were responsible for 34% of people diagnosed with HIV infection until the mandatory screening test for this group ended in 1993 (9) (10) (11) . HIV infection was also detected among their wives and other female sex partners. The proportion of women with HIV infection has remained stable and the man-to-woman ratio of patients infected with HIV was 11:1. A previous study showed that 67.6% of HIV-infected women in Korea had regular sexual partners; 26.1% were tested for HIV diagnosis because of their HIV-positive sex partners. These findings suggested that the majority of HIV-infected women were infected from their regular male sex partners, such as husband or person living together without being legally married (12) .
There are limited data on the prevalence of HPV infection and hr-HPV genotypes among HIV-infected women in Korea, and little is known about their relationship with cervical cytology in this population. The objective of this study was to examine the prevalence and genotype distribution of HPV infection among Cervical cytology and human papillomavirus genotyping Cervical samples for cytology and HPV genotyping were obtained by gynecologists as a routine care or a part of regular medical check-up. Pap smear results were categorized according to the 2001 Bethesda classification system terminology (14) . HPV genotype was determined using an PCR based DNA microarray system, the HPV DNA chip (MyHPV Chip Kit ® , BioMedLab, Seoul, Korea). This contains 24 type-specific probes detecting 13 types of high risk HPV (16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, and 68) and 11 types of low risk HPV (6, 11, 34, 40, 42, 43, 44, 53, 54, 66 , and 70).
Statistical analysis
Categorical variables were compared using Pearson's chi-square test or Fisher's exact test, whereas non-categorical variables were tested with the Mann-Whitney U-test. Comparison between HIV-positive women and HIV-negative women was conducted by using multiple logistic regression techniques while controlling for potential confounding variables. In multivariate analysis, variables were entered into the model simultaneously, not using an automatic model selection. All tests were considered statistically significant at P < 0.05. The statistical analyses were conducted using PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).
Ethics statement
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RESULTS
A total of 60 HIV-positive women and 1,938 HIV-negative women were included in this study. Their demographic characteristics are described in Table 1 . Median age was 47 yr old (interquartile range 39-58) for HIV-positive women and 50 yr old (interquartile range 43-57) for HIV-negative women (P = 0.092). The marital status, parity, smoking, comorbidity, HCV and syphilis serology showed significant difference between two groups. By using the multiple logistic regression model, we compared the prevalence of HPV infection and the results of cervical cytology between two groups (Table 2) . Overall, HPV infection rate was significantly higher in HIV-positive women than HIVnegative women (46.7% vs 14.1%; adjusted odds ratio [AOR], 4.48; 95% confidence interval [CI], 2.56-7.83, P < 0.001). Multiple HPV types were detected in 18.3% of HIV-positive women and 1.5% of HIV-negative women (AOR, 12.87; 95% CI, 5.43-30.54, P < 0.001). HIV-positive women had a significantly great- er hr-HPV infection rate than women without HIV infection (30% vs 4.9%; AOR, 6.96; 95% CI, 3.63-13.34, P < 0.001). Multiple hr-HPV types were detected in 10% of HIV-positive women and 0.6% of HIV-negative women (AOR, 12.63; 95% CI, 3.75-42.56, P < 0.001). Fig. 1 shows the type-specific HPV prevalence of both HIVpositive and HIV-negative women. The most common hr-HPV genotype detected in HIV-positive women was HPV 16 (10%), followed by 18 (6.7%) and 52 (5%). Other common hr-HPV types detected in HIV-positive women were HPV 31 (3.3%), 39 (3.3%), 45 (3.3%), and 56 (3.3%). In HIV-negative women, the most prevalent hr-HPV was HPV 16 (1.0%), followed by 51 (0.7%), 58 (0.6%), and 18 (0.6%). Other commonly detected hr-HPV types in HIV-negative women were HPV 35 (0.4%), 45 (0.4%), and 52 (0.4%). Commonly encountered non-oncogenic viruses were HPV 70 (0.8%), 54 (0.7%), 6 (0.5%), 40 (0.4%), and 53 (0.3%) in HIV-negative women, and HPV 6 (5%), 53 (5%), 40 (3.3%), 54 (3.3%), and 70 (3.3%) in HIV-positive women. Five samples (8.3%) in HIV-positive women and 130 (6.7%) in HIV-negative women were unable to type. Prevalence of quadrivalent vaccine-preventable types (HPV 6, 11, 16, and 18) was 21.7% (13/60) and 2.3% (44/1,938) in HIV-positive women and HIV-negative women, respectively.
A total of 11 HIV-positive women (18.3%) and 35 HIV-negative women (1.8%) had abnormal cytology (AOR, 10.94; 95% CI, 5.18-23.1, P < 0.001) ( Table 2) . HIV-infected women with hr-HPV were more likely to have abnormal cytology than those without hr-HPV (P < 0.001) ( Table 3 ). All 7 HIV-positive women with high-grade squamous intraepithelial lesion (HSIL) or lowgrade squamous intraepithelial lesion (LSIL) tested positive for hr-HPV and had multiple HPV types, five of which also had multiple hr-HPV. A total of 12 hr-HPV were detected in 7 HIVpositive women with HSIL or LSIL, and the most frequently detected hr-HPV was HPV 16 (3/7). Other detected hr-HPV were 18, 31, 35, 39, 45, 51, 52, 56, and 58 (by 1 occurrence for each).
When we compared the predictors for hr-HPV infection be- tween hr-HPV positive and hr-HPV negative HIV-infected women, age was a significant risk factor for hr-HPV infection (P = 0.039). Other factors were not associated with hr-HPV detection (Table 3) .
DISCUSSION
Several studies have consistently shown that HIV-infected women are at increased risk for HPV infection, although the prevalence and genotype distribution varied in a different geographic area (15) (16) (17) (18) (19) (20) (21) . This is the first report of prevalence of HPV among HIV-infected women in Korea to our knowledge. In this study, we found significantly higher prevalence of HPV infection in HIV-infected women, 46.7% for any HPV and 30% for hr-HPV, compared to HIV-negative controls, 14.1 and 4.9%, respectively. Hr-HPV was about 7 times more commonly detected among HIV-infected patients than among HIV-negative controls when adjusted with other demographic factors. The frequency of abnormal cervical cytology was about 11 times higher in HIV-infected women than in HIV-negative women. Our findings are in line with the results from other studies in other countries that reported hr-HPV prevalence rates ranging from 35.3% to 56% in HIV-infected women (15) (16) (17) (18) (19) (20) (21) .
The prevalence of hr-HPV in HIV-negative women in our study is slightly lower than those reported in previous population based studies conducted in Busan, where it has been reported between 6% and 9%, 6.3% in the general population, 8.1% in the women attending cervical cancer screening pro- gram, and 8.6% in female university students (22) (23) (24) (25) . The differences between the studies are probably due to differences in the study population, detection method, and the definition of hr-HPV type. In this study, HPV 16 was the most prevalent hr-HPV type detected in both HIV-positive and HIV-negative women. HPV 18, 52, 31, 39, 45, and 56 were also common among HIV-infected women with prevalence ranging from 3.3% to 6.7%. Other commonly detected hr-HPV types in HIV-negative women were 51, 58, 18, 35, 45, and 52 with prevalence ranging from 0.4% to 0.7%. There were some differences in the distribution of HPV genotypes between HIV-positive and HIV-negative women except for HPV 16. In a previous study evaluating the concordance of HPV infection among heterosexually active couples and the impact of HIV coinfection on the prevalence of HPV, HIV coinfection in one partner had a significant impact on the prevalence of HPV infection in the other partner (26) . Concordance of the same HPV genotypes was more commonly found among couples where one or both partners were HIV-infected, compared with HIV-uninfected couples (26) . The majority of HIVinfected women were infected by their male sexual partners in Korea (12) , and our HIV-positive women had regular sexual partners in 61.7%. Therefore, HPV type may be diverse depending on types of their regular sexual partners. Although there is no study regarding HPV types of HIV-positive regular sexual partners, this may explain some differences in diverse type distribution of HPV infection between HIV-positive and HIV-negative women. In the previous studies conducted with CSWs in Korea, HPV 16, 18 , and 58 were the most frequently detected hr-HPV types (27, 28) . In our study, about 17% of HIV-infected women had ever been a CSW, and this also may contribute some differences in the distribution of HPV genotypes between HIVpositive and HIV-negative women.
Quadrivalent HPV vaccine was immunogenic and well tolerated in HIV-infected young women in a recent study (29) . HPV vaccine is recommended by the Advisory Committee on Immunization Practices (ACIP) for HIV-infected individuals through age 26 yr for those who did not get any or all doses when they were younger (30) . Prevalence of vaccine-preventable types (HPV 6, 11, 16, and 18) in our HIV-infected women was 21.7%, suggesting that HPV DNA or serologic screening would be needed before immunization in HIV-infected women in Korea, although the ACIP does not recommend HPV DNA or serologic screening before immunization (30) .
We also investigated risk factors for carrying hr-HPV in HIVinfected women. Age was a significantly important risk factor of hr-HPV infection in HIV-infected women. Sexually active young HIV-infected women tend to have hr-HPV more frequently. However, other socio-demographic factors including marital status, route of transmission, presence of HIV-positive regular sex partners, history of female CSW, duration from HIV diagnosis to test, CDC clinical category, CD4 cell counts, ART, viral suppression, syphilis, and HBV/HCV coinfection were not significantly associated with the presence of hr-HPV in HIV-infected women. The presence of hr-HPV was significantly associated with abnormal findings on Pap smear. All HIV-infected women with LSIL or worse on Pap smear reacted positive for hr-HPV in our study.
This study has some limitations. First, this study was a retrospective cross-sectional study. The longitudinal follow-up data were not available, and the behavioral risk factors, such as the number of lifetime sex partners, were not considered in more detail. Second, our study was conducted in the southeastern region of Korea, and the number of HIV-infected women was relatively small, therefore our findings may not be generalized to other region of the country. Third, we did not test all genotypes of HPV; the proportion of persons with un-typeable HPV was relatively high, particularly in HIV-negative controls (31) . Even with these limitations, our study could reflect the overall situation of HPV infection among HIV-infected women in Korea.
In conclusion, this study demonstrated that hr-HPV infection was common among HIV-infected women in Korea. The most frequent hr-HPV was HPV 16, followed by HPV 18 and 52. Age was a significantly important risk factor of hr-HPV infection in HIV-infected women. The presence of hr-HPV was significantly associated with abnormal cervical cytology. These findings suggest that HPV testing for cervical cancer screening in HIV-infected women would be necessary in Korea, particularly among young age group.
